Abstract: A series of unsymmetrical imidazolinium bromides (3a-d) bearing naphthyl and benzyl groups (R' = those of Ir also appears to be somewhat better. The catalysis appears to be homogeneous.
Introduction
The chemistry of N-heterocyclic carbenes (NHCs) has a long tradition based on preliminary work by Wanzlick, 1 Ofele, 2 and Lappert 3 and the isolation and identification of a stable NHC by Arduengo et al. in 1991. 4 Since then, a tremendous number of different NHCs have been prepared and characterized. 5−10 They are strong σ -donors and significant π -acceptor ligands. 10 The electronic properties can be modified by varying the number, nature, and position of the substituents on both the nitrogen atoms and the backbone of NHCs. Variations in substituents bound to the nitrogen atoms or to the backbone give unsymmetrical NHCs (uNHCs). The properties of ligands directly influence the catalyst's performance. They have become highly popular in catalysis owing to their ability to stabilize transition metals and their use in homogeneous catalysis, such as C-C coupling, 11, 12 olefin metathesis, 13 and hydrogenation. 14−16 Transfer hydrogenation is also a potentially useful protocol for the reduction of ketones and aldehydes to their corresponding alcohols and transfer hydrogenation of ketones has been extensively studied. 17−21 The method is attractive as an alternative to hydrogenation because it requires neither the hazardous hydrogen gas nor pressure vessels, and it is easy to execute. Transition metal complexcatalyzed transfer hydrogenation of ketones is usually carried out in refluxing 2-propanol (IPA) under an inert 
Results and discussion

Synthesis and characterization of naphthyl-substituted imidazolinium ligands
Naphthyl-substituted imidazolinium salts were synthesized according to the steps illustrated in Scheme 1. N-(naphthyl)-ethylenediamine dihydrochloric acid (1) was purchased. The second step involved naphthylsubstituted imidazolinium chloride (2) synthesis upon ring closing of 1. Unsymmetrical imidazolinium derivatives (3a-d) were prepared by deprotonation of 2 in the presence of NaHCO 3 followed by treatment with alkyl bromides. The synthesized imidazolium salts were characterized by 1 H and 13 C NMR spectroscopy. The 1 H NMR spectra of these salts were consistent with the proposed structures: C 2 -H resonance at δ = 8.25-9.63 ppm as sharp singlets. The formation of the salts was also supported by resonance at δ = 156.9-159.4 ppm in the 13 C NMR spectrum for the C 2 -H carbon atom. 
Synthesis and characterization of Ru(II) complexes
Metal complexes with NHC ligand can be prepared by three major methods: (i) the free carbene ligands, (ii 
Scheme 2. Synthesis of ruthenium(II) complexes (4a-d).
The Rh(I) and Ir(I) complexes (5, 6) were made in an analogous manner to the synthesis described above comparable to those found for rhodium-NHC complexes described previously.
27,28
Scheme 3. Synthesis of rhodium(I) and iridium(I) complexes (5 and 6),
Catalytic studies
Recently, the transfer hydrogenation of ketones to alcohols has been extensively investigated. At the same time, studies are continuously aiming to obtaining better catalysts. Herein, we prepared a series of novel ruthenium (4a-d), iridium (5b, 6b), and rhodium (5b ′ , 6b ′ ) complexes and employed them as catalysts for the transfer hydrogenation of ketones ( Table 1 ). The Ru(II)-NHC complexes (4a-d) were screened as catalyst for transfer hydrogenation of different aryl-ketones to aryl-ethanols using 2-propanol as hydrogen donor in the presence of KOH. The catalytic experiments were carried out using 1 mmol of ketone, 0.01 mmol of ruthenium complexes 4a-d as a catalyst, and 2 mmol of KOH in 5 mL of 2-propanol. The transfer hydrogenation reactions were carried out in the presence of KOH, which was reported earlier to be the best inorganic base for such reactions. 28, 29 The complex 4b was found to be the most active catalyst among all of these complexes tested. Better behavior of the tetramethylbenzyl derivatives was observed against other complexes. Presumably, the presence of a hydrogen atom at the p -position of the arene ring plays an important role in the TH. The sequence of activity is 4b > 4d > 4c > 4a. We also performed an additional experiment to assess whether the reaction system is homogeneous or heterogeneous; mercury and PPh 3 poisoning tests 49−52 were carried out. The suppression of catalysis by Hg (0) is evidence for a heterogeneous catalyst; if Hg(0) does not suppress catalysis, that is evidence for a homogeneous catalyst. The Hg(0) test with catalyst 4b and acetophenone in basic IPA showed no significant inhibition of conversion to products. Thus, the present catalysis appears to be homogeneous in nature (Table 2) . The PPh 3 poisoning test was also used. In the presence of 5 equiv of PPh 3 , the reaction occurred with only a 5% decrease in percent conversion (entry 5). The homogeneous nature of catalysis is supported as inferred on the basis of the Hg test.
In summary, we have disclosed the synthesis and full characterization of new ruthenium, rhodium, and iridium complexes bearing unsymmetrically NHCs, in which a substituted benzyl arm was present on one nitrogen. The Ru(II) complexes revealed differences in their behavior as precatalysts for transfer hydrogenation of different ketones. The best result in the transfer hydrogenation of ketones was obtained with 4b. Presumably, the presence of a H atom at the p -position of the arene ring or benzylic protons played an important role in the transfer hydrogenation reaction. The catalytic processes of Rh complexes were more efficient than those of the corresponding Ir complexes. The homogeneous nature of transfer hydrogen was supported by poisoning tests. Further investigation into the different catalytic reactions of each complex is currently ongoing.
Experimental
Reactions involving air-sensitive components were performed using a Schlenk-type flask under argon atmosphere and high vacuum-line techniques. The glass equipment was heated under vacuum in order to remove oxygen and moisture and then it was filled with argon. The solvents were analytical grade and distilled under argon atmosphere from sodium (ethanol, methanol, toluene, tetrahydrofuran, diethylether, pentane) and Elemental analysis data were recorded with CHNS elemental analysis. 
General procedure for the preparation of metal complexes
A mixture of imidazolium salt 3 (1.0 mmol), NaH (1.5 mmol), and a catalytic amount of KO t Bu was added to dry THF (50.0 mL) under inert conditions. The reaction mixture was stirred at room temperature for 1 h. When the color of the mixture turned from yellow to orange, [
Rh, Ir; L = Cp * , cod) (0.5 mmol) was added and the mixture was stirred at room temperature for 2 h. The mixture was filtered by cannula and the solvent was removed in vacuo. The residue was purified by column chromatography (silica, eluted with dichloromethane) to give an orange solid. 
